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Study of Indicators for Early and Rapid
Diagnosis of Radiation Injury Is the Most
Important in Patients With Cancer
During Radiotherapy
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and Rong Zhang1

Abstract

Objective: To establish a complete technical solution for the radiation biological dose estimation, to enable prediction of
individuals’ response to radiotherapy (RT), and to control treatment dose for reduced irradiation injury and promote repair; and
to evaluate the risk of radiation-induced late effects for patients undergoing external photon beam RT and provide the reliable
dose–response relationships.

Methods: Select 49 tumor patients using 60Co and linear accelerator for radiation therapy; initial radiation dose was 250 cGy.
Chromosome aberration and blood count were analyzed before radiation therapy and 2 hours after the first day of RT.

Results: Two hours after the first day of RT, peripheral blood cell count of lymphocytes of patients with cancer was significantly
decreased (P < .01). The frequency of chromosome aberration was higher (P < .01).

Conclusion: High-dose radiation of the radiation therapy makes significant injuries to peripheral blood lymphocytes.
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Introduction

The International Agency for Research on Cancer reported that

almost 21.4 million new cases of cancer will be diagnosed

annually, in which about 60% to 70% of patients with cancer

receive radiation therapy. Owing to the high mortality of

patients with cancer, it covered up the radiation injuries

for the cancer patients that caused by radiation therapy.

Radiation oncology, which is a new subject, has a history

over centuries. Radiation uses large doses of high-energy

beams or particles to destroy cancer cells in a specifically

targeted area. Meanwhile, radiation will cause injury to the

surrounding normal tissue cells in varying degrees. The side

effects and tissue damage not only limit radiation dose escala-

tion but also affect the patient’s quality of life. People have

paid more attention to the radiation damage of normal tissue

while caring about all malignant cells killed. Therefore, it has

become an important issue in radiation oncology to seek for

measures to decrease local radiation dose and increase antitu-

mor effect. Radiotherapy (RT) doses are physical dose. It

cannot truly reflect the level of radiation dose of patient. There

is also a need for a potential biological dosimeter, which may

be applied for the estimation of biological dose for recent

radiation exposure.

Manual scoring of dicentric chromosomes from peripheral

blood lymphocytes of individuals exposed to radiation remains

as the “gold standard” in biological dosimetry.1 Hence, there is

great interest among cancer researchers in finding ways to

protect “innocent” tissues against radiation-induced damage.
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Nowadays, it is an important question to study in the field of

treatment for patients with cancer. How to reduce irradiation

injury and promote repair has been one of the criticality for

improving treatment level of acute radiation therapy. Although

the true biological significance of break point regions has not

been clear, there is no doubt that research on hot damage point

is an important part of study on effect of radiation. A complete

technical solution was established about the radiation biologi-

cal dose estimation, finding a stability and sensitive examina-

tion index for biological dose estimation, and throwing

controlled treatment dose to reduce irradiation injury and pro-

mote repair are worthy of further promotion. Select 49 patients

with tumor (including stomach, colon, lung, cervical, and lym-

phomas cancers) were irradiated by RT using 60Co(15) and

linear accelerator (34).2–4

With the development of cancer radiation therapy technol-

ogy, radiobiology, and radiation physics, a lot of biological

dosimetry estimation methods were developed. Radiation bio-

dosimetry is an important part of radiation medicine. Some new

discoveries and progresses have been made in radiation biodo-

simetry studies in recent years. Cytogenetic method represented

by chromosome aberration analysis as the golden standard of

radiation biodosimeter is being transformed to automate analy-

sis, and a number of international, regional, and national labora-

tory networks of radiation biodosimetry are being established.

As a widely acceptable molecular marker of DNA damage,

g-H2AX has made rapid progress in radiation dose estimation.

Based on the expressions of protein and genes, further advance-

ments have been made in the studies of metabolites and micro-

RNAs. At the same time, with the development of proteomics

technology, there are some breakthroughs in the study of using

molecular expression profiling to evaluate radiation dose.

The data on imaging of patient anatomy, RT treatment plan,

and types of irradiation source affect the dose that the patient

received during RT, but the patient’s biomaterial indicators

will actually reflect the dose received in the surrounding nor-

mal tissue. Evaluating the risk of radiation-induced late effects

for patients undergoing external photon beam RT provides the

reliable dose–response relationships.

It has become an important issue in radiation oncology to

seek for measures to decrease local radiation dose and increase

antitumor effect. Researchers have been committed to the

research more and more, and this discovery may be used to help

to reduce side effects of patients with cancer undergoing RT.

Materials and Methods

Reagents and Instruments

Biochemical RPMI-1640 (Xi’an, China), fetal bovine serum

(FBS), and phytohemagglutinin-M were purchased from Invi-

trogen (GIBCO, Beijing), and potassium chloride and PI were

obtained from Sigma Chemicals (Shanghai). Methanol and

glacial acetic acid were obtained from Spectrochem (China).

Quick CRP analyzer (Shanghai, China); Giemsa stain was pur-

chased from Sigma-Aldrich (St Louis, Missouri), the SANYO

MCO-20AIC CO2 incubator from SANY (Sakata, Japan), and

microscope from OLYMPUS (OLYMPUS CK20, Tokyo,

Japan).

Blood Samples

Heparinized blood was collected from 49 patients with tumor

(including stomach, colon, lung, cervical, and lymphomas can-

cers) who were irradiated through RT using 60Co(15) and linear

accelerator (34). The median age of patients in this trial was

62.95 years (range: 51-72 years; male: 42, female: 7).

This study was cleared by the Gansu Provincial Center for

Disease Control and Prevention Ethical Committee and with

the informed consent of patients.

Cell Culture and Sample Preparation

The radiation dose was 1.8 to 2.8 Gy/time, treatment of fre-

quency, once a day and five times a week. The first irradiation

is 2 hours after the first day of RT.

About 2 mL of the peripheral blood was collected from each

patient with tumor before RT and after first irradiation was

divided into 0.5 mL portions. Of all, 0.5 mL of the blood was

added to 4 mL portion of the culture media (80% RPMI-1640

and 20% FBS). The lymphocytes were cultured in Roswell

Park Memorial Institute 1640 culture medium containing FBS,

phytoagglutinin, 1% penicillin sodium and 100 mg/mL strep-

tomycin, and 0.04 g/mL colchicines at 37�C in 5% CO2 in a

humidified incubator (Thermo Scientific, Waltham, North Car-

olina) for 52 hours. Whole blood culture method was adopted,

and the proportion of blood and culture medium was 1:10;

0.5 mL heparin lithium was added into 5 mL lymphocyte

culture medium as anticoagulant. Cell suspension was pre-

pared. Cells were subjected to hypotonic treatment by 5 mL

KCl solution 2 times each 30 minutes and then fixed 4 times

with Carnoy solution for 5 minutes each. Slides were produced

and subjected for Giemsa staining, air-dried, and coded. It was

used to analyze the lymphocyte chromosome aberration.

About 2 mL of the peripheral blood collected was from each

patient with tumor before RT and after first irradiating was

divided into 0.5 mL portions; 0.5 mL of the blood was added

to 4 mL portion of the culture media (80% RPMI-1640 and 20%
FBS). The mixture was stimulated with phytohemagg lutinin-M

(20 mg/mL) and incubated at 37�C. After 72 hours of incubation,

the cells were harvested with a prechilled hypotonic solution

(0.075 M) and fixed with a Carboy solution (methanol/acetic

acid 5:1). Multiple slides were casted, air-dried, and coded.

Then the slides were stained with 8% Giemsa solution in

phosphate buffer (pH 6.8, Propidium Iodine: 1 mg/mL), and

scoring was performed blindly manually and with the Meta-

Systems automatically. In the Giemsa-stained slides, we cal-

culated the frequency of the micronuclei in the binucleated

cells with intact cytoplasm using the criteria described in

detail by Fenech.5 Lymphocyte blood counts were measured

using Quick CRP analyzer (Hunan, China).
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Statistical Methods

The statistical analysis software SPSS version 10.0 was used

for the analysis of variance and t test for each corresponding

groups.

Dicentric Chromosome Analysis and Dose Estimation

All slides were used to analyze the lymphocyte chromosome

aberration and micronucleus assay by the Olympus micro-

scope; about 4928 metaphases were analyzed before RT and

4820 metaphases were analyzed after first irradiation.

Accuracy Verification of “Dose–Effect Curve
by DIC Analysis”

Our laboratory has established our own calibration curves.

Peripheral blood samples were collected from 3 healthy

volunteers for analysis of dicentric chromosome (DIC)

dose–effect curve. The blood samples were irradiated in Inter-

national Atomic Energy Agency/World Health Organization

Network of Secondary Standard Dosimetry Laboratories,

Beijing, China. The irradiation test tubes were used to mea-

sure the dose rate by 60Co g-ray irradiation at 37�C + 0.5�C
water bath. Eight dose points (0, 0.25, 0.5, 1, 2, 3, 4, and 5 Gy)

were set for dose–effect curve preparation. The absorbed dose

rate was 0.27 Gy/min (Table 1).

Dicentric chromosomes in metaphase cells were analyzed

manually. The yield of Dic þ r was well fitted by an equa-

tion y ¼ 5.32 � 10�2D þ 4.43 � 10�2 D2 (0.27 Gy�min�1;

R2 ¼ 0.9999; Table 2).

Results

Peripheral Blood Lymphocyte Chromosome Aberration
Analysis

As for structure, the rings and acentric rings increased signif-

icantly after first irradiation, which were rarely seen before RT;

the frequency of double centromere chromosomes increased;

the chromosome conglutination and dissolution appeared.

Dose Estimation: The Fitting of “Dose–Effect Curve
by Chromosome Aberration Analysis”

The dose was estimated by dose–effect curve. Increments of

chromosome aberration (dic þ r) was 291 (Table 3): incre-

ments of chromosome aberration (dic þ r) ¼ 112 (60Co), and

increments of chromosome aberration (dic þ r) ¼ 179 (linear

accelerator; Table 4).

Based on the frequency of “dic þ r” in lymphocytes, values

of radiation exposure of the patients with cancer were 0.84 Gy

(60Co) and 0.66 Gy (linear accelerator), estimated radiation

(60Co) dose < estimated radiation (linear accelerator) dose <

true radiation dose (Table 5).

Peripheral Blood Count Comparison Before and After
the First Irradiation

By the comparison of the peripheral blood count before and

after the first irradiation of 49 patients with cancer, we found

that the number of lymphocyte decreased obviously after RT (P

< .01). About 40% of these patients’ peripheral blood lympho-

cyte decreased to 1000 � 109/L, 30% of them decreased to 900

� 109/L, and 20% of them decreased to 600 � 109/L. Partic-

ularly, some of them decreased to 300 � 109/L.

Discussion

The article results showed that the number of peripheral blood

lymphocytes decreased sharply; the lymphocyte conversion

rate decreased obviously and nontransformed lymphocytes

increased significantly. The rings and acentric rings increased

significantly after the first irradiation, which were rarely found

before RT; the frequency of double centromere chromosomes

increased; and the chromosome conglutination and dissolution

appeared. Based on the frequency of dic þ r in lymphocytes,

estimation of radiation exposure of patients with cancer was

0.70 Gy; estimated radiation dose is less than true radiation

dose. Based on the frequency of dic þ r in lymphocytes, esti-

mation of radiation exposure of the patients with cancer were

0.84 Gy (60Co) and 0.66 Gy (linear accelerator); estimated

radiation (60Co) dose < estimated radiation (linear accelerator)

dose < true radiation dose.

The decay rate of “dic þ r” aberration in vivo has been

reported in different literatures, Ramalho and Nascimento6 pro-

posed that the time for kinetochore distortion to decrease by

half was 95 * 220 days, with an average of 130 days. Kanda

et al7 followed up the survivors of the accident in Tokaimura,

Japan, for 14 months and found that the half-life of dicentric

chromosome was 13.5 months. Jin et al8,9 reported that “dic þ
r” of “wen” in Jilin accident in 1996 decreased by 12.5% and

24%, respectively, on the 31st and 66 days after being exposed

compared to that on the third day after being exposed. The

follow-up observation of the patients exposed to the “June

25” accident in Shanghai shows that the decrease in “dic þ
r” is not obvious 1 month after the exposure, and the number of

dicentrics þ rings of most patients is obviously decreased 3

Table 1. The Number of Cells and DICs Analyzed at Each Dose Point
in the Fitted “Dose–Effect Curve By DIC Analysis.”

Absorbed Dose (Gy) Cell Number Dic þ r Number Dic þ r/Cell

0 11 000 7 0.000636
0.25 6310 60 0.00951
0.5 3365 115 0.0342
1 2307 222 0.09623
2 1422 422 0.29677
3 1804 1004 0.55654
4 1586 1446 0.91173
5 1130 1560 1.3805

Abbreviation: DIC, dicentric chromosome.

Liu et al 3



months after the exposure. Previous studies believed that for

the estimation of the biological dose of dic þ r in the acute and

whole-body irradiation, blood should be taken as soon as pos-

sible after the accident, preferably within 48 hours and no later

than 60 days.10 The cumulative exposure dose estimation based

on stable aberration is slightly higher than dic þ r.11

This study shows that local inhomogeneous acute exposure

can be induced by RT. Because most of the radiation is used to

kill tumor cells, only a small portion of normal tissue around

the tumor is exposed to a small amount of radiation. The total

body equivalent dose given by chromosomal aberration

analysis was more consistent with the actual exposure. It’s not

RT dose, it had more clinical guiding significance.

Lymphocyte, which is a kind of important immunologic sub-

stances in human body, was seriously injured by irradiating no

matter in quantity or hereditary material in the initial stage of the

RT. As an indicator which was used to test the justification of the

RT dose, the reasonable number of peripheral blood lymphocyte

should not be less than 0.9 � 109/L. The analyses of peripheral

blood lymphocyte chromosome aberration were used to estimate

the biological dose and guide the RT to work better. Changes in

the number of peripheral blood lymphocytes, white blood cells,

Table 2. Chromosome Aberration Analysis Before and After the First Irradiation.a

Subject Number

Average
Absorbed

Dose (cGy)
Number of

Analysis Cell

Chromosome Aberration Distribution

r dic t min ace
Dissolution
Phenomena

Before the first irradiation 49 0 4928 0 34 (0.69) 7 (0.14) 5 (0.10) 2 (0.04) 0
After the first irradiation 49 250 4820 58 (1.20) 233 (4.83) 45 (0.93) 19 (0.39) 39 (0.81) 9 (0.21)
P – – – <.001 <.001 <.001 <.001 <.001 <.001

Abbreviation: ace, acentric fragments of chromosome; dic, dicentric; min, minute; r, centric rings; t, translocation.
aThe value in bracket is percentage.

Table 3. Analysis of Chromosome Aberration and Estimation of Biological Dosimetry.a,b

Subject

Number of
Lymphocytes

Examined

Increments of Chromosome Aberration (dic þ r)
Estimated Radiation

Dose (Gy)
True Radiation

Dose (Gy)“dic þ r” Number Number Per Cell

After the first irradiating 4820 291 0.060 0.70 2.5

Abbreviation: ace, acentric fragments of chromosome; dic, dicentric; min, minute; r, centric rings; t, translocation.
aBased on the frequency of dic þ r in lymphocytes, value of radiation exposure of the patients with cancer was 0.70 Gy; estimated radiation dose is less than true
radiation dose.

bIncrements of chromosome aberration (dic þ r) ¼ 112 (60Co); increments of chromosome aberration (dic þ r) ¼ 179 (linear accelerator).

Table 4. Analysis of Chromosome Aberration and Estimation of Biological Dosimetry.a

Subject Number
Number of

Lymphocytes Examined

Dicentric Chromosomes and Rings
Estimated Radiation

Dose (Gy)
True Radiation

Dose (Gy)“dic þ r” Number Number per Cell

60Co 15 1500 112 0.075 0.84 2.5
Linear accelerator 34 3320 179 0.054 0.66 2.5

Abbreviation: ace, acentric fragments of chromosome; dic, dicentric; min, minute; r, centric rings; t, translocation.
aBased on the frequency of “dicþ r” in lymphocytes, values of radiation exposure of the patients with cancer were 0.84 Gy (60Co) and 0.66 Gy (linear accelerator);
estimated radiation (60Co) dose < estimated radiation (linear accelerator) dose < true radiation dose.

Table 5. The Peripheral Blood Count Comparison Before and After the First Irradiation of Patients With Cancer.

Subject Number WBC (�109/L) RBC (�1012/L) PLT (�109/L) HB (g/L)
Lymphocyte

(�109/L)
Neutrophil
(�109/L)

Before the first irradiation 49 7.935 + 3.720 4.895 + 1.820 158.0 + 57.2 133 + 22.0 2.179 + 0.786 4.634 + 3.225
After the first irradiation 49 6.788 + 2.460 4.203 + 0.849 140.7 + 51.5 127 + 18.6 1.149 + 0.596 4.829 + 2.453

Abbreviations: HB, hemoglobin; PLT, platelet; RBC, red blood cell; WBC, white blood cell.
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and platelets as well as the degree of bone marrow cell prolif-

eration are the main hematological indicators to judge the sever-

ity of acute radiation injury.12 In the “4.26” 60Co source

radiation accident in Henan province, the test results of hema-

tological indicators of the exposed personnel were significantly

correlated with the exposed dose.13 This is consistent with

reports by de Jager et al.14

Most of the patients with lung cancer were treated with

RT which can lead to radiation-induced lung injury, the skin

was burnt by radiation. Radiotherapy for cases with naso-

pharyngeal carcinoma can lead to brain damage; vascular

injury is one of the most common effects of RT on normal

tissues. All these data, including long-term genitourinary

side effects, were presented at the 48th Annual Meeting of

the American Society for Therapeutic Radiology and Oncol-

ogy in Philadelphia. For example, this study was designed

to evaluate the integral dose (ID) received by normal tissue

from intensity-modulated radiotherapy (IMRT) for prostate

cancer. Twenty-five radiation treatment plans including

IMRT using a conventional linac with both 6 MV (6MV-

IMRT) and 20 MV (20MV-IMRT), as well as 3-dimensional

conformal radiotherapy (3DCRT) using 6 MV (6MV-

3DCRT) and 20 MV (20MV-3DCRT) and IMRT using

tomotherapy (6MV; Tomo-IMRT) were created for 5

patients with localized prostate cancer. The ID (mean dose

� tissue volume) received by normal tissue (NTID) was

calculated from dose–volume histograms. The 6MV-IMRT

resulted in 5.0% lower NTID than 6MV-3DCRT; 20 MV

beam plans resulted in 7.7% to 11.2% lower NTID than

6MV-3DCRT. Tomo-IMRT NTID was comparable to

6MV-IMRT. Compared to 6MV-3DCRT, 6MV-IMRT

reduced IDs to the rectal wall and penile bulb by 6.1% and

2.7%, respectively. Tomo-IMRT further reduced these IDs

by 11.9% and 16.5%, respectively. The 20 MV did not

reduce IDs to those structures. The difference in NTID

between 3DCRT and IMRT is small. The 20 MV plans

somewhat reduced NTID compared to 6 MV plans. The

advantage of tomotherapy over conventional IMRT and

3DCRT for localized prostate cancer was demonstrated in

regard to dose sparing of rectal wall and penile bulb while

slightly decreasing NTID as compared to 6MV-3DCRT.15

“The relation between the dosimetric factors and side effects

was also analyzed with receiver operating characteristic

curves.16

The occurrence of the distal effect of radiation damage in

hematopoietic system is closely related to the exposure dose,

the radiosensitivity of hematopoietic parenchyma and

mesenchyme, the rate of damage repair, and the probability

of gene mutation, including anemia, leukemia, myelodysplastic

syndrome, and so on. Through the study on the exposed persons

of Hiroshima atomic bomb explosion in Japan and the cleanup

personnel of chernobyl nuclear explosion accident, it was

found that the incidence of leukemia increased with the

increase in the exposure dose, among which the top 3 incidence

rates were acute lymphocytic leukemia, acute myeloid leuke-

mia, and chronic myelogenous leukemia.17

Conclusions

High-dose radiation of the radiation therapy has significant

injuries to peripheral blood lymphocytes. In summary, the

results from the present study indicate that chromosome aber-

ration analysis provides a reliable estimate for biological expo-

sure to radiation, which is shown to have a critical role in

estimating the radiation dose. This may enable faster and more

reliable estimation of radiation exposure, leading to better

treatment for patients with cancer.

Establishing a complete technical solution for the radiation

biological dose estimation, finding a stable and sensitive exam-

ination index for biological dose estimation, and controlling

treatment dose to reduce irradiation injury and promote repair

are worthy of further promotion.

For the time being, the study on medical radiation protection

is not only focused on the occupational workers and patients

but on the accompanied new RT technology. The discovery

may one day be used to help reduce side effects in patients

with cancer undergoing RT. Evaluating the risk of radiation-

induced late effects for patients undergoing external photon

beam RT provides the reliable dose–response relationships.
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Liu et al 5

https://orcid.org/0000-0002-3153-7797
https://orcid.org/0000-0002-3153-7797
https://orcid.org/0000-0002-3153-7797


accident. Health Phys, 1991;60(1):67-70. doi:10.1097/00004032-

199101000-00010.

7. Kanda R, Minamihisamatsu M, Hayata I. Dynamic analysis of

chromosome aberrations in three victims of the Tokai-Mura criti-

cality accident. Int J Radiat Biol, 2002;78(9):857-862. doi:10.

1080/09553000210152953.

8. Jin CZ, Liu XL, Zhang ZY. Biological dose estimation of a case

who was exposed to IR source. Chin J Radiol Med Prot. 1997;

17(1):34-35.

9. Jin CZ, Liu XL. Biological Dose Estimation of Cases Who Were

Exposed to 60Co Source in Shanghai “6.25” Radiation Accident//

Liu BC, Ye GY. Corpus of Diagnosis and Treatment for Cases Who

Were Exposed to 60Co Source in Shanghai “6.25” Radiation

Accident. Beijing, China: Science and Technology Press, 1994:26.

10. Ministry of Health of the people’s Republic of China. GB/T

28236-2011 Method of Chromosome Aberration Analysis for

Biological Dose Assessment(s). Beijing, China: Standards Press

of China; 2011.

11. Ying C, Xiu-lin L, Xue qing Z, et al. Biological dose estimation

and late effect evaluation of the exposed persons in Harbin radia-

tion accident. Chin J Radiol Med Prot. 2006;26(2):125-128.

12. Liu SZ. Medical Radiobiology. Beijing, China: Atomic Energy

Press; 2006:125-128.

13. Wang YY, Liu YL, Zhao FL, et al. Medical follow-up of four

cases with bone marrow form of acute radiation sickness

twelve years after the accident. Chin J Radiol Med Prot.

2013;32(1):81-83. doi:10.3760/cma.j.issn.0254-5098.2013.02.

016.

14. de Jager CP, van Wijk PT, Mathoera RB, et al. Lymphocyto-

penia and neutrophil-lymphocyte count ratio predict bactere-

mia better than conventional infection markers in an

emergency care unit. Crit Care. 2010;14(5):R192. doi:10.

1186/cc9309.

15. HidefumiAoyamaClark D, et al. Integral radiation dose to normal

structures with conformal external beam radiation. Int J Radiat

Oncol Biol Phys. 2006,64(3):962-967.

16. Lind PA, Wennberg B, Gagliardi G, et al. ROC curves and eva-

luation of radiation-induced pulmonary toxicity in breast cancer.

Int J Radiat Oncol Biol Phys. 2006,64(3):765-770.

17. Gluzman DF, Sklyarenko LM, Zavelevich MP, et al. Overview on

association of different types of leukemias with radiation

exposure. Exp Oncol. 2015;37(2):89-93.

6 Dose-Response: An International Journal



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


